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Introduction 
 In recent years water shortages, frequent flood events, and alarming levels of nutrient 
content in North Carolina have brought attention to the declining state of surface water bodies 
(Water Resources Research Institute, 2009).  The United States Environmental Protection Agency 
(EPA) reports the latest tally of impaired waters in North Carolina is now over 900, only 125 of 
which are monitored by a total maximum daily load (TMDL) (EPA, 2009). The majority of these 
impaired lakes, reservoirs, streams, and rivers are found in urbanized areas. Research linking 
urbanization and the conversion of land to development with increased levels of impervious 
surface within watersheds, leading to exacerbated runoff of nutrients, sediments and other 
contaminants into water bodies help to explain this pattern (National Research Council, 2008). 
Despite an array of policies at the federal and state level aimed at regulating stormwater 
discharges, technological and engineered solutions enforced by local governments fall short of 
meeting water quality standards (Albrecht, 2005).   
  Although stormwater management is a field traditionally dominated by engineering, land 
use planning strategies to direct the location, pace, and amount of urban development are often 
overlooked as critical first steps to improving water quality (Claytor, 2000). Yet the implications of 
land use planning and development regulations are significant. Dispersed patterns of development 
lead to higher rates of impervious surfaces per capita, thus diminishing the land’s ability to absorb 
and treat water naturally (ALGEP et. al., 2003). Although planners are beginning to regard many of 
their goals for creating sustainable, walkable, and mixed-use communities through smart growth 
and new urbanism as aligned with the objectives of sustainable stormwater management, many 
local governments lack ordinances and codes through which to achieve these objectives.  
 Form-based codes present a regulatory tool that has the potential to embrace planning and 
water quality objectives by promoting contextually sensitive development and stormwater controls 
(Rhodes, 2002). Emerging recently as an alternative to Euclidean zoning (Paroleck, Parolek, & 
Crawford, 2008), form-based codes de-emphasize use as the primary organizing principle of the 
built environment and instead place greater importance on the three-dimensional form of spaces as 
they relate to the surrounding landscape. Far from a complete departure from conventional zoning, 
form-based codes utilize regulatory mechanisms like building heights, setbacks, and floor-to-area 
ratios, in addition to new standards for façade treatments and public space guidelines, with the goal 
of creating a higher quality public realm.  Critics of form-based codes claim their scope is too 
limited, focusing solely on aesthetics of urban design and ignoring important environmental 
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concerns (Berke, 2008).  Still, advocates of form-based codes assert they are better equipped than 
conventional zoning to create urban forms and structures that have significantly less impact on 
environmental systems (Duany & Brain, 2005; Slone & Goldstein, 2008; Walters, 2007). 
 As a case study, this research explores the potential for urbanizing communities within the 
Jordan Lake Watershed to work toward achieving water quality standards through a form-based 
regulatory approach.  The Jordan Lake Nutrient Strategy (also referred to as the Jordan Rules) 
represents the latest effort by the North Carolina Division of Water Quality (DWQ) to address the 
state’s growing number of nutrient impaired waters by mandating local governments comply with 
nutrient-load reductions (lbs. /yr.).  Several rules outlined in the Jordan Nutrient Strategy are 
progressively aimed at reducing polluted runoff from many of the state’s most urbanized and 
rapidly growing areas. These unprecedented mandates make this strategy the most rigorous and 
far-reaching attempt to restore water quality in North Carolina, and, arguably, the United States.  
Absent, however, from the Jordan Rules is an emphasis on the role land use planning and zoning 
code reform should have in limiting future nutrient runoff.  
 Through an in-depth program analysis and a series of interviews, this study explores form-
based codes as a viable regulatory mechanism to reduce negative impacts of development on water 
quality in the Jordan Lake Watershed. It does so by taking into consideration the legal feasibility of 
enforcing form-based codes, the existing regulatory framework, regional and local barriers and 
opportunities, and implementation considerations. While the findings of the study will be most 
directly relevant to communities of the Jordan Lake Watershed, the implications of exploring form-
based codes as a method of limiting polluted runoff could have significance throughout the county.   
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Background  
Watershed Urbanization 
 Urbanization alters a watershed’s response to precipitation (EPA, 2002; Center for 
Watershed Protection, 2000; National Resources Defense Council, 2000). Research indicates that 
the replacement of natural soils and vegetation with impervious surfaces characteristic of 
urbanized areas is a key indicator of ambient water quality within the watershed (Arnold & 
Gibbons, 1996).  Impervious surfaces – roads, rooftops, and even compacted soils -- reduce 
rainwater infiltration, causing increased volumes and velocities of stormwater such that water 
flows rapidly across the land surface and arrives at the stream channel in short, concentrated 
bursts of high discharge. When combined with the introduction of pollutant sources that 
accompany urbanization (such as lawns, motor vehicles, domesticated animals, and industries), 
changes in hydraulic patterns lead to water quality and habitat degradation.  Studies now show that 
water quality is affected at astoundingly low impervious coverage ratios. Where impervious 
surfaces cover 10 percent of total land area, stream ecosystems begin to show evidence of 
degradation and where they cover more than 30 percent of the land severe, practically irreversible, 
degradation is likely (Schueler, 1995). 
 Consequently, the health and sustainability of water depends in large part on land use and 
development patterns within the watershed. In the past many communities have interpreted water 
quality and development research to suggest low-density development as best suited to protect 
water resources (EPA, 2006). With the intention of minimizing the amount of impervious cover, 
many communities have down-zoned land within water-supply watersheds, typically to allow for 
only 1 dwelling unit per two acres (NC Division of Water Quality, 2009). Down -zoning, however, 
can lead to what to what some consider a sprawling pattern of development characterized by 
segregated and low-density land uses, the consequences of which are expansive lawns, rooftops, 
and transportation infrastructure footprints. 
 Higher density - defined as the increases to the number of dwelling units per acre (du/ac) - 
is often mistakenly assumed as the culprit for water quality deterioration. But research is beginning 
to demonstrate that impervious cover is a function of design in addition to density. A study 
conducted by the EPA modeled three density scenarios – one house per acre, four houses per acre, 
and eight houses per acre -- finding 1) higher-density generates less stormwater runoff per house 
2) for the same number of dwelling units, high-density created less runoff than low-density 
development, and 3) lower-density development impacts more of the watershed. Together these 
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findings present a fairly persuasive argument for concentrating development to promote higher-
densities that protect water resources (EPA, 2006). While it is often true urbanized areas tend to 
include more impervious cover, per capita, the amount of impervious cover can actually decrease. 
To illustrate, a rooftop of a 10-unit condominium building on one acre as one tenth the impervious 
cover per dwelling unit as a single family house with the same footprint.  
 
 Lawns now covering 30 million acres across the United States are thought to provide “open 
space” for infiltration of water, however research shows that the volume of runoff from highly 
compacted lawns is almost as high as from paved surfaces (USDA, 2001; Schueler, 2000). Therefore, 
with regard to peak water runoff, the one or two acre lawns found in many low-density suburbs do 
not function in the same ways as undisturbed natural areas that capture and slow drainage. 
Furthermore, when fertilizers containing high levels of nitrogen and phosphorous are applied, a 
percentage runs off into streams, even if applied properly (Barth, 2000). Therefore, minimizing 
impervious surfaces by limiting the number of houses but allowing larger lawns does not 
compensate for the loss of watershed services that the area provided before development (USDA, 
2001).  
  
 Additionally, low-density development can require substantially higher amounts of 
transportation infrastructure per house and per acre than denser developments.  On average, more 
trips are made by car from low-density and use-segregated development than higher-density, 
mixed-use neighborhoods. Daily trips and vehicles miles traveled increases demand for parking 
spaces and road volume capacities (Kahn, 2006). Moreover, recent research has demonstrated that 
on sites with two homes per acre, impervious surfaces attributed to streets, drive-ways, and 
parking lots can represent upwards of 75 percent of the total site imperviousness. That number 
decreases to 56 percent on sites with eight homes per acre (Cappiella & Brown, 2001). This 
research indicates that low densities often require more off-site transportation-related impervious 
infrastructure.  
 
 While minimizing the impacts of development in areas adjacent to water supplies is wise, 
there is a misconception that large lot, low-density development is equivalent to low-impact 
development (EPA, 2006).  However, as an overall strategy to protect water resources, developing 
at low densities makes little sense. With regard to the recent research, it becomes clear that both 
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the degree and form of development that occurs within watersheds is central to understanding 
water quality impairment.   
Regulatory Framework 
 Despite research indicating the intrinsic link between land use and water quality, federal 
and state regulation seemingly ignore its impact. In fact, most environmental regulations at state 
and federal levels have been largely divorced from issues of land use and growth management. As 
John Turner and Jason Rylander explain,  
Land use is the forgotten agenda of the environmental movement … Perhaps because land 
use is such a vague term, policy makers have difficulty grasping the linkages between the 
use of land and the economic, environmental, and social health of their communities … So 
long as the cumulative effects of land use decisions are ignored, environmental policy will 
be only marginally successful in achieving its goals (Turner & Rylander, 1997, p. 61).  
In an essay, “From Pollution Control to Place Making,” William Shutkin (2005) argues that land use 
and development are the “orphans” of environmental law and that regulation has become “about 
point sources, not places; about control technologies, not communities” (p. 258). In other words, 
development patterns are recognized as part of the problem, but strategic growth planning is not 
regarded as a potential solution. Instead, advances in treatment technology and parcel by parcel 
engineering are touted as the answers. Shutkin believes this approach is misguided and that the 
United States’ “largely permit-based system is fundamentally concerned with controlling, but not 
preventing, pollution” (p. 257). These ‘end of the pipe’ solutions are not only limited in their 
technological effectiveness, but do nothing to encourage changes in the way currently 
unsustainable patterns of growth and development occur (Shutkin, 2005).   
 The disconnect of context-sensitive planning and development and regulatory standards is 
evident in reviewing United States federal and North Carolina state laws and programs regarding 
water quality.  As seen in Appendix A, only North Carolina’s Water Supply Watershed Protection 
Program (§143-214.5 and §143-214.6) aims to protect water quality by reducing density in critical 
watershed areas. Under this program, all local governments throughout the state with land use 
jurisdiction within a water supply watershed are required to adopt and implement water supply 
watershed protection ordinances, maps, and management plans. The state categorizes varying 
levels of protection, setting Zone WS-I as the most restrictive and allowing up to two dwelling units 
per acre in the most relaxed zone, WS-IV.  As noted earlier, while the intentions of programs like 
North Carolina’s Water Supply Watershed Program are to limit urban runoff and shelter drinking 
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water sources, as an overall strategy low-density growth ignores the cumulative impervious 
coverage impacts.    
 
Water Quality Protection through Watershed Planning Strategies 
 Until recently local land planning has not been closely allied with issues of water quality.  
Conventional stormwater management approaches involved collecting, conveying, and discharging 
runoff as efficiently as possible. Curb and conveyance systems that increase the volume and rate of 
discharge can cause downstream flooding, stream bank erosion and water quality degradation 
(EPA and Low Impact Development Center, 2000).  In response to these problems, low-impact 
development (LID) best management practices (BMPs) that strive to “replicate pre-development 
hydrologic behaviors through the use of design techniques to create a functionally equivalent 
hydrologic landscape” are now being embraced by engineers (Low Impact Development Center, 
Inc., 2008). In other words, BMPs are designed to capture and treat stormwater to the same degree 
as pre-development conditions. In principle, these BMPs, such as rain gardens, cisterns, and 
bioretention ponds, attempt to mitigate the stormwater impacts of development, yet do little to 
address the broader issue of unsustainable development patterns.  
 As the link between sprawling development patterns -- segregated uses, low density 
developments, and increased impervious surfaces per capita -- and declining water quality has 
become more defined (EPA, 2004; Arnold & Gibbons, 1996; Knaap, 2002), minimizing  the effects of 
stormwater has become a featured component of many planning initiatives like smart growth, 
compact development, and development industry standards like the Leadership in Energy and 
Environmental Design Neighborhood Design (LEED-ND).  Planners now regard many of their goals 
for creating sustainable and livable communities as aligned with the protection of water resources 
(Local Government Commission, 2005). These goals and their relationship to water quality include:   
   
1. Promoting compact development: Compact development, by design, reduces the overall 
footprint of development. Whether in new projects or redevelopment districts, reducing the 
development footprint is central to land conservation and minimizing impervious cover.   
2. Encouraging a mix of uses: One of the major components of dispersed development has been 
the rigid separation of residential, commercial and institutional uses that has been inscribed 
in codes, and has mandated auto travel to meet daily needs. Enabling a greater mix of uses is 
necessary to address transportation-related impervious cover and the water quality 
impacts of car travel. 
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3. Minimizing the ‘transportation footprint’:  In many urban areas one-half to two-thirds of the 
land is devoted to transport-related imperviousness  such as roads and parking lots. One 
study found that transportation-related land uses have the second highest level of pollutant 
concentrations; only piped industrial sources were higher (NRDC, 2000). At the same time, 
transportation planning and design are among the most influential factors in shaping the 
extent and location of development in a region. Thus, watershed efforts that fail to address 
the transportation footprint are likely to miss a critical source of impacts.  
4. Planning at multiple scales: Coordinated water and land planning relies on recognition of 
scale. Water resources, in particular stormwater, are most deftly managed when the site, 
the neighborhood, the district or community (sub-watershed), and the region (watershed) 
are simultaneously considered for opportunities and impacts. Conventional stormwater 
approaches for development have focused on site level practices. The location, form and 
overall pattern of development have received less attention but are fundamental drivers of 
impervious cover and watershed scale disturbance.  
5. Prioritizing redevelopment: Redevelopment is gaining recognition as one of the most 
effective forms of stormwater management and watershed protection. Redevelopment 
serves at least three watershed benefits. First, reusing already developed areas to 
accommodate new development demand generates comparatively less new impervious 
cover. Second, intensifying built areas can reduce the need to expand the overall 
development footprint onto non-built areas. Third, comprehensive redevelopment offers 
the best opportunity to retrofit already impervious sites to improve water quality.  
6. Utilizing natural infrastructure and ecosystem services: Healthy watersheds provide a 
“natural infrastructure” that serves to capture, filter, cleanse, store and transport water. 
Advances in stormwater management, such as Low Impact Development (LID), build on the 
concept of ecosystem services through site designs intended to mimic natural processes in 
the built environment. More broadly, land use planning will need to minimize watershed 
disturbance through sustainable land use patterns.  
Smart Growth Development Management 
 Under the broad umbrella of ‘smart growth’, community-wide development  management 
agendas have been touted as promising for protecting environmental resources  (Association of 
Local Government Environmental Professionals, Trust for Public Land, ERG, 2003; EPA, 2004). 
Fueled by concerns of sprawl and environmental degradation in the 1970s, growth management 
later evolved into a philosophy of ‘smart growth’ in the early 1990s that has come to broadly 
11 
 
represent an alternative to conventional development patterns (Berke et. al., 2006). Several guiding 
principles promoted by advocates of smart growth, particularly an emphasis on strategic regional 
planning and land conservation, have worked to reframe discussions regarding water quality and 
watershed protection (Smart Growth Network, 2008). Still, results of empirical research testing the 
environmental protection promises of smart growth development management have been mixed.  
 Godschalk et. al. (1979) defined growth management as “a conscious government program 
intended to influence the ‘primary’ characteristics of growth: rate, amount, type, location, and/or 
quality of future development.” Although a prescribed strategy of development management 
policies to support watershed and water quality protection does not exist, a well-developed toolbox 
of alternatives can be tailored to local circumstances to mitigate the negative impact of urban 
development on water quality. Smart growth development management strategies include, but are 
not limited to, tools that simultaneously help to promote strategic conservation of sensitive areas 
and compact growth in designated areas. These may include watershed planning and 
environmental zoning; transfer of development rights programs (TDR), coordinated infrastructure 
expansions, and infill redevelopment incentives.  
Watershed Planning and Environmental Zoning  
 Pioneering the idea of ecological planning, in Design with Nature Ian McHarg (1969) argued 
that the built environment should be designed in harmony with natural systems so as to minimize 
the impact of development.  Smart growth attempts to advance that notion by considering the 
region as the preferred scale for growth management. Berke et. al. (2006) agree, noting that since 
watersheds and other natural systems cross jurisdictional boundaries, achieving watershed 
protection may be more feasible through community-level policies that govern the appropriate 
balance of urban development and conservation areas rather than site design alone.  
 To achieve coordination between conservation and development, models for environmental 
zoning that start with the recognition that land use decisions are environmental decisions have 
been developed.  Watershed-based zoning involves defining existing watershed conditions, 
projecting potential future impervious cover, and redistributing future growth and development 
through plans and zoning to those areas that would have the least impact on stream or lake water 
quality. To assist in this effort, zoning districts can be established to set an overall impervious cover 
threshold or limit for the district. Watershed-based zoning implies that some portions of a 
watershed will be developed more intensely than others, but the overall goal is to reduce 
impervious cover. The Massachusetts-based Charles River Watershed Association (CRWA) is most 
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known for pioneering an environmental/watershed-based zoning model (Charles River Watershed 
Association, 2008). 
Open Space Protection: Transfer of Development Rights 
 Growth management tools developed to preserve large amounts of open space resonate 
strongly with a key dimension of watershed planning which is to protect hydrologically sensitive 
areas (MacDonald, 2005). Transfer of development rights (TDR) programs have become, at least in 
principle, a popular tool to direct development toward designated growth areas and away from 
conservation land. TDR programs allow landholders in sensitive areas to transfer their 
development rights to other more appropriate locations, such as less sensitive areas or areas where 
infrastructure already exists. TDR ordinances establish a sending (or preservation) area and a 
receiving (high-density growth) area. Landowners in the sending area receive credits equivalent to 
their development rights under current zoning guidelines. They can then sell these credits in 
exchange for foregoing the right to develop their land (administered through deed restrictions on 
the sending area parcels) or developing it at a far lower density (administered through zoning 
restrictions). Real estate developers can purchase these development-right credits and use them to 
increase existing or planned densities on parcels in receiving areas. By providing an economic 
incentive for preserving undeveloped land, TDRs allow a community to preserve important areas 
that protect water resources while permitting owners of property in targeted areas to recoup the 
value of the property’s development potential (Meck, 1999). 
 Through its TDR program, King County, Washington recently acquired 45,000 acres of 
forestland donated through a conservation easement by the Plum Creek Timber Company. Though 
the company plans to sell the density credits to developers looking to build in high density areas, 
the agreement permanently protects the upper Green River Watershed as managed forest (Sims, 
2008).  
Infill and Redevelopment Incentives 
 Infill development promotes water quality by accommodating growth on sites that could 
already be impervious, thus eliminating the need for any new impervious cover and the need to 
disturb new land during construction. Developing infill sites can reduce pressure for development 
on open land that provides critical water functions on the urban fringe. When sites are redeveloped 
at higher densities, they also ensure that more people are located in areas with existing 
infrastructure, housing choices, and transportation choices. 
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 Similarly, when brownfield sites are reused, not only is their former environmental threat 
removed (e.g., leaking oil tanks from previous industrial uses), but their redevelopment can yield 
other environmental benefits. A George Washington University (1998) study found that for every 
acre of brownfield that is redeveloped, more than four acres of open space are preserved. In 
addition, the redevelopment of brownfield sites can also be used to treat, store, and manage 
stormwater runoff. For example, the cleanup of a brownfield site might not be sufficient for 
residential development, but it could be clean enough for stormwater runoff mitigation measures, 
such as creating rain gardens or large grass swales. Using a brownfield site in this manner can also 
provide habitat opportunities for birds and other species (Paull, 2008). 
Coordinated Infrastructure Extensions 
 Priority funding areas (PFAs), adequate public facility ordinances (APFOs) and 
development impact fees function to discourage development from occurring in an unplanned and 
haphazard manner. By limiting growth to strategic areas and charging developers the real costs of 
infrastructure, these tools are used as an economic disincentive to land consumptive development.  
 Even though these programs are widely flaunted in planning literature, several scholars 
question how well local development management programs accomplish environmental protection 
(Pendall, 1999; Landis, 1992), and rightfully so. MacDonald (2005, p. 28) explains the “community’s 
approach to implementing, or enforcing, the policies adopted to manage development are equally 
important if the development management program is to be effective.” However, as Burby et. al. 
(1998) note, the presumption that regulations are followed once they are in place is unwarranted 
because there are serious gaps between regulations and compliance.   
 Still, a number of governmental and non-governmental organizations have conducted 
studies and published reports heralding smart growth as an important tenet of watershed and 
water quality protection plans. In 2003 the Trust for Public Land and the National Association of 
Local Government Environmental Officials published Smart Growth for Clean Water which offered 
strategies and examples for using principles of smart growth, like regional planning and the use of 
incentives to strategically direct growth. In 2004 the EPA released a report, Protecting Watersheds 
with Smart Growth, which drew explicit connections between land use planning policies and the 
health of watersheds. Targeted toward those familiar with smart growth, it is a compilation of 75 
policies designed to address water quality issues at a regional or watershed level. Implementing 
urban growth boundaries, programs for transferring development rights and cluster subdivisions 
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are discussed as ways to mitigate the impacts of conventional urban development (Environmental 
Protection Agency, 2004).   
Compact Development: New urban traditional neighborhood design  
 New Urbanism emerged on the planning scene in the 1990s as a theoretical and physical 
counterpoint to sprawl. Central to new urban development is a high-density pattern of mixed land 
uses which create a compact urban form amenable to pedestrians (Duany & Plater-Zyberk, 1991). 
Although new urbanist philosphies parallel those of smart growth advocates, “the focus of new 
urbanism is more on specific urban design relationshps for buildings and uses, and less on other 
key communitywide concerns of smart growth, such as regional transportion and open space 
systems (Porter, Dunphy, & Salvesen, 2002). New urbanists make claims that their approach to site 
design addresses public problems, particularly those related to community, physical, and 
environmental health better than conventional development (Calthorpe, 1993; Duany & Plater-
Zyberk, 2000), however many questions have been raised about the validity of such claims due to 
relatively limited empirical evidence (Spirn, 2000).  
 Despite the growing attention given to new urban development, there are few empirical 
studies linking neighborhood design to stormwater management and, more broadly, environmental 
protection. The available evidence, however, indicates new urban site design may have some 
advantages over conventional low-density development in protecting water resources.   
 In a matched pair study contrasting new urban neighborhoods to conventional 
neighborhoods, (Berke, et al., 2003) found that greenfield new urban developments pave over less 
land, use more BMPs, and protect and restore more sensitive areas than conventional 
developments. A study in the Charleston Harbor Area compared runoff impacts of a conventional 
low-density development scenario to a new urban development scenario in the same watershed 
(South Carolina Coastal Conservation League, 1995). Results indicate that for the same about of 
development, the conventional neighborhood consumed eight times more land and generated 43 
percent more runoff, three times more sediment, and high loadings of nitrogen and phosphorous.1 
Similarly, a study conducted by the University of Oregon Center for Housing Innovation compared 
runoff impacts of three types of neighborhood design: conventional low-density, new urban village, 
and clustered new urban village. The results of this study reveal new urban development is only 
                                                          
1
 This study only examined the effects of total quantity of impervious surface and did not address impacts related to 
the location of development in the watershed.  
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effective at better managing peak flow when it is clustered on the site in such a way that protects 
hydrologically sensitive open spaces (Girling, Kellett, Rochefort, & Roe, 2000). 
 Berke et. al. (2003) explored the potential effects of new urban site design – higher net 
density, pedestrian orientation, and mixed use -- on three dimensions of watershed protection: 1) 
reduced imperviousness, 2) protection of hydrologically sensitive areas, and 3) stormwater 
management to control and clean runoff. Summarized in Table 1, this work provides the framework 
for subsequent discussion.  
Table 1: Hypothesized outcome of low-impact & new urban design features on watershed health 
 New urban design feature 
Low-impact 
technique 
High net density Pedestrian orientation Mixed use 
Protection of 
sensitive areas 
+ Less individual lot 
space, more common 
open space 
+ more potential to 
restore due to 
confined impacts 
+ Narrow streets mean more 
opportunities for open space 
protection 
- More demand for paved 
greenways and pedestrian and bike 
movement 
+ Seamless integration 
rather than segregation 
among land uses 
creates opportunities 
for common open space 
Reduction of 
impervious 
surfaces 
+Short street length 
+Short driveways 
+Shared alleyways 
+Less roof surface 
+ Narrow street width 
+ On-street parking instead of large 
driveways and parking lots 
+ Reduced building footprint 
through multi-level structures 
- More demand for paved sidewalks 
on both sides of streets 
- More demand for paved 
greenways for pedestrian and bike 
movement 
+ Shared parking to 
reduce size of parking 
lots 
+ Encourage pedestrian 
accessibility to reduce 
demand for parking 
 
BMPs to detain 
and filter 
stormwater 
+ More room to locate 
effective BMPs 
+ Curbside landscaping for 
detention and infiltration 
+ Seamless integration 
rather than segregation 
of land uses creates 
common open spaces 
for BMPs 
Note: Effect of use of technique: (-) means negative effect on low impact technique; (+) means positive effect 
on low impact technique 
Source: Berke et. al., 2003 
 
Density 
 While it has been the conventional wisdom that to protect water quality density within the 
watershed should be kept low, new research is finding the opposite. According to the Center for 
Watershed Protection (2000), higher density can reduce imperviousness in a number of ways. For 
instance, shallow front yard setbacks reduce driveway length; neighborhoods with higher density 
can better support alternative transit such as buses and light rail, a secondary effect of which is the 
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reduced demand for parking; multi-level family or mixed use housing often leads to smaller 
building footprints and opportunities for shared roofs (Center for Watershed Protection, 2000). 
Finally, the clustering of high densities provides more room to utilize natural stormwater 
management techniques, such as detention and infiltration in natural open space systems 
(MacDonald, 2005). 
Pedestrian Orientation 
 New urban neighborhoods are designed to encourage pedestrian activity which has mixed 
effects on impervious cover.  The emphasis on providing pedestrian amenities (such as street trees, 
vegetated strips, etc) and destinations decreases automobile reliance which potentially mitigates 
the need for extraneous impervious surfaces like large parking lots, wide streets, and long 
driveways (Ewing, 1996).  The additional pedestrian and bikeway connections however may 
necessitate impervious paths, thus contributing to stormwater runoff.  
Mixed Use 
 Mixing uses can potentially reduce the amount of impervious land cover in a number of 
ways.  The placement of civic and business uses next to residential uses can relieve pressure for 
parking activity at different times of the day. This opens up the possibility of eliminating parking 
through shared use agreements (City of Olympia, 1996). The reduced demand for parking created 
by mixed uses creates more room for open spaces and natural stormwater management (Ewing, 
1996).  
 In responses to criticisms that new urbanism falls short of sustainability, the Congress for 
the New Urbanism launched Light Imprint New Urbanism (LINU) in 2006. It is described as a 
“comprehensive approach development technique which aims to lie lightly on the land by 
coordinating sustainable engineering practices and New Urbanist design techniques.” The Light 
Imprint Storm Water Design Transect Matrix provides over 60 different tools organized for 
appropriate application on the urban to rural transect with their general cost ranking for 
installation and maintenance (Congress for the New Urbanism, 2007).  
Leadership in Energy and Environmental Design (LEED) Neighborhood Design 
 LEED-ND is a third-party rating system that certifies neighborhoods based on concepts of 
sustainable development, smart growth, and urbanism (USGBC, 2009). Developed through a 
collaboration of the Congress for the New Urbanism, the National Resources Defense Council, and 
the U.S. Green Building Council, LEED-ND measures new projects on all three scales. Currently in 
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the pilot version, LEED-ND is designed to provide an objective basis on which to certify 
developments as smart growth. According to the USGBC, “LEED ND would create a label, as well as a 
set of guidelines for decision making, which could serve as a concrete signal of, and incentive for, 
better location, design and construction of neighborhoods and buildings.”  While the standards act 
as voluntary incentives for sustainable development, some believe they should become codified 
into local government land regulations. Slone, however, warns that adopting LEED-ND legislatively 
might preclude other forms of development that may be appropriate under some circumstances.  
That, Slone says, “perpetuates the very problems advocates of new urban and sustainable 
development have faced” (Slone & Goldstein, 2008, p. 36). 
 
 Within the pilot version of LEED-ND, a credit is given to developments that address the 
disturbance of soils that leads to increased runoff, flooding, and pollution through a stromwater 
management plan. The stromwater management plan must address water and pollutant runoff 
from new and existing surfaces, and outline BMPs (such as permeable pavements, rain gardens, 
vegetated swales, sand filters, etc.) that will be implemented. One point is awarded to projects 
which retain 80% of storm event precipitation while 4 points are awarded to projects which retain 
95%.  
 
 LEED-ND is still in its infancy; however the tenets driving it – smart growth, urbanism, and 
sustainable development – have been debated for some time. Duany (2005, p. 294) notes the 
traditional conflicting positions of environmentalists and urbanists: “Where the environmentalists 
had focused primarily on protecting nature from further incursions by humans, the new urbanists 
focused on the problem of accommodating humans in ways that serve their needs.”  William Cronon 
(1996, p. 81) argues this “dualism that sets humanity and nature apart at opposite poles … leaves 
ourselves little hope of discovering what an ethical, sustainable, and honorable human place in 
nature might actually look like.” Simply put, LEED-ND is one attempt to figure out what that might 
look like. Still, creators acknowledged many of the areas of conflict between these schools of 
thought. For instance, smart growth advocates often criticize green field new urban projects, while 
sustainable development advocates criticize infill projects that are unable to incorporate green 
infrastructure.   
 Although these principle objectives are widely recognized and integrated into municipal 
and county comprehensive plans, rarely are they accompanied by regulatory or incentive-based 
tools to aid in their implementation.  
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Form Based Codes 
Introduction 
 Although local governments may support smart growth programs or new urban 
development as a means to protecting the health of a watershed, many lack ordinances and codes 
through which to achieve those objectives. In some instances local codes are actually barriers to 
watershed-friendly land use and development. Conventional Euclidean zoning can be a primary 
driver of inefficient development patterns that underlie excess imperviousness and watershed 
disturbance (Crawford, 2004). But local codes can be reformed to better align water quality and 
land use planning goals, not only by allowing innovative site design, but also by enabling more 
efficient and sustainable development patterns and practices. Form-based codes present a 
regulatory tool that has the potential to embrace planning and water quality objectives at three 
scales: the region, the neighborhood and the site.   
 Emerging recently as an alternative to Euclidean zoning, form-based regulations de-
emphasize land use as the primary organizing principle of the built environment and instead place 
greater importance on the three-dimensional form of spaces as they relate to the surrounding 
context. Far from a complete departure of standard zoning, form-based codes utilize regulatory 
mechanisms like building heights, setbacks, and floor-to-area ratios with the goal of creating a 
higher quality public realm (Palorek et. al., 2008).  Still relatively new to the public sector, the first 
form-based codes were developed for large privately covenanted planned unit development (PUD) 
projects built according to a new urbanist vision for mixed use and walkable communities. Due to 
the popularity of many early projects like Seaside, FL or Kentlands, MD, (Duany & Plater-Zyberk, 
2000) form-based codes are now being codified as a supplement to conventional zoning practices 
in local development ordinances.     
 Traditional zoning and subdivision practices, while effective for ensuring the separation of 
incompatible land uses, have been widely criticized. The bases for these criticisms vary. For 
example, some critics charge that zoning practices have created non-unique, sprawling cities. Slone 
et. al. (2007) explain that the regulatory environment that was erected using Euclidean zoning “was 
based on the suburban not the urban model, so it became difficult, if not impossible, to create true 
urbanism within the law …The places people love have been made illegal to build.” Jane Jacobs, 
perhaps the most influential opponent of traditional zoning practices, explains the unintended 
consequences of zoning on public spaces:  
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Perhaps the greatest flaw is that it [zoning] ignores scale of use, and this leads, on the one 
hand, to visual (and sometimes functional) disintegration of streets, or on the other hand to 
indiscriminate attempts to sort out and segregate kinds of uses no matter what their size or 
empiric effect. Diversity itself is thus unnecessarily suppressed." (Jacobs, 1961) 
Despite attacks, zoning has been greatly effective at achieving its original intent: to protect public 
health and safety by separating land uses in order to keep noxious or undesirable uses away from 
benign uses. But with the proliferation of the automobile, transportation needs have mutated the 
separation of uses at a much larger scale, leading to what some describe as sprawl. The problem, 
according to some urbanists, is not that the concept of zoning is misguided, but simply outdated; 
and in many places codes have not evolved to meet present day environmental, health, or quality of 
life challenges (Crawford, 2004). 
 Form-based codes have garnered significant attention – both from advocates and opponents 
– as a method for reforming outmoded zoning ordinances. Advocates claim form-based codes 
enable communities to require better development patterns and higher quality individual projects 
(Parolek, Parolek, & Crawford, 2008).  They maintain that more contextually sensitive and 
interconnected patterns of development can foster a more beautiful aesthetic, a richer community, 
and a healthier environment (Walters, 2007).  Promoters see the prescriptive tone of form-based as 
an advantage because they achieve a more predictable physical result. According to Katz (2008), 
providing these prescriptive standards can give certainty to neighbors that infill development will 
occur in compatible way, can give developers clearer ideas of the community’s expectations, and 
can make development review quicker and easier for planners. Meanwhile, critics claim their scope 
is too limited, focusing solely on aesthetics and ignoring important environmental concerns (Berke, 
2008).  In addition, critics question the assertions made that form-based codes expedite 
development processes. Unfamiliarity with the codes on the part of developers, un-trained 
planners, and the general public make their implementation difficult (Walters, 2007).    
  
 It is still early to judge the successes and failures of form-based codes. While they have been 
widely discussed in planning literature, only a handful of communities across the United States 
have adopted a version of form-based codes, notably Arlington County, VA, Miami, FL, and 
Petaluma, CA. And even among those places that have, few have completely replaced traditional 
zoning. More often form based codes are used as overlay zones to implement downtown master 
plans, transit oriented developments, or neo-traditional neighborhoods (Parolek, Parolek, & 
Crawford, 2008).  
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 Despite little empirical evidence, proponents tend to make sweeping claims that form-based 
codes are a sustainable alternative to conventional zoning (Parolek, Parolek, & Crawford, 2008; 
Slone & Goldstein, 2008; Duany & Brain, 2005), yet stop short of detailing the advantages with any 
specificity.  Still, research relating smart growth and new urban development to water quality gives 
reason to be optimistic form-based codes might yield similar results. The following sections discuss 
in greater detail each component of a standard form-based code2 and suggest ways in which they 
could be re-focused to more explicitly align with watershed protection.  
The Regulating Plan and Map 
 A regulating plan is a map similar to, but more detailed than, a zoning map. It outlines the 
streets and public open spaces, and designates the specific locations where the various building-
form standards will apply. Because of the specificity that is necessary for the application of the 
form-based zones, the regulating plan typically applies the zones within a framework of streets and 
blocks, not just in large unrefined geographic areas (Parolek, Parolek, & Crawford, 2008).  
 Form-based codes are designed around several organizing principles, however the most 
commonly used regulating plan framework - the urban-rural transect model - was developed by 
Andres Duany and Elizabeth Plater-Zyberk (DPZ). While the concept of a transect is based in 
ecology, DPZ has adapted it to describe a cross-section of human environments. The urban-rural 
transect illustrates a gradient of urban forms, ranging from rural preserves to highly urbanized 
cores (Duany & Brain, 2005). Transect zones (Appendix B) describe and prescribe the form and 
character of development intended for that zone. While the transect has been criticized for failing to 
recognize the polycentric pattern of many American cities (Southworth, 2003), others defend it 
saying that the transect is a generic model without a specific scale, and, in fact, the transect could be 
calibrated to apply to large and complex polycentric regions or a single small community (Walters, 
2007).  
 Although it has not yet been explored in practice, a regulating plan could operate at the 
watershed scale, assigning appropriate intensities of development so as to avoid marginalizing vital 
ecological features such as wetlands or riparian habitats. Paralleling smart growth and 
environmentally-sensitive zoning first elevated by Ian McHarg, regulating plans could concentrate 
the highest density development away from areas with environmental characteristics that are 
                                                          
2
 Defined by the Form-based Codes Institute as including: a regulating plan, public space standards, building form 
standards, requirements of the review process (administration), and a glossary of terms.  
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highly susceptible to the effects of development. Of course, defining transect zones according to 
ecological characteristics would require extensive analyses of existing and projected watershed 
conditions, including land cover, soil classification, topographical, rainfall patterns, and population 
growth analyses.   
Public Space Standards 
 Public space standards include specifications for the elements within the public realm 
including thoroughfares and civic spaces (Garvin & Jourdan, 2008) that are compatible with a 
particular transect zone. For thoroughfares, these include regulations for sidewalks, travel lanes, 
street trees, street furniture, and even the interface with building facades. For civic spaces like 
parks and plazas, form-based codes regulate parameters such as minimum and maximum sizes, 
types of spaces and their appropriate locations, and landscaping (Parolek, Parolek, & Crawford, 
2008). Appendix C provides an example of public space standards used in the Hercules, CA Bayfront 
Form-Based Code.  
 Public space standards operate to ensure that public spaces are compatibly designed with 
the surrounding context. In terms of a watershed, the amount of polluted stormwater runoff from 
public spaces, particularly roads, contributes enormously to the percentage of impervious surface. 
Oftentimes, however, public spaces are designed with little regard for the surrounding context. For 
instance, a 40-foot wide street in residential neighborhoods could be reduced to 25 feet, maintain 
the same traffic level of service, and reduce impervious by almost 40 percent. Similarly, form-based 
codes could specify appropriate stormwater catchments along street edges that would best manage 
water and fit with the surrounding aesthetic. For instance, in less urban areas where curbs may not 
be necessary, bio-retention cells could be prescribed instead.  Numerous other opportunities exist 
to reduce stormwater runoff through context-sensitive designs, including choices for vegetation 
along public easements including streams, lakes, and streets; the occurrence, materials, and widths 
of sidewalks; and the design of civic gathering spaces to match the intensity and frequency of 
activity.  
Building-Form Standards 
Moving from a broad area to a specific site, building-form (also referred to as building 
envelope) standards provide the regulatory requirements for individual parcels.  In this respect, 
advocates of form-based codes are not as far from conventional regulatory practices as they often 
assert. In fact, they use many of the same instruments to shape the physical form of development 
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such as lot sizes, building heights and setbacks. A form-based code provides a list of permitted uses; 
however, design decisions typically take precedence (Slone & Goldstein, 2008; Garvin & Jourdan, 
2008).  Building envelope standards typically include a diagram and matrix of instructions that 
illustrate the development of a building on a site, including requirements for height, location on the 
site, building elements (for example, windows, doors, and porches), and general uses (Appendix D).   
 In a scheme formulated by DPZ, the transect model is linked directly to the Smart Code – an 
urban code and a unified land development ordinance that integrates planning and urban design. 
The Smart Code includes design standards for urban space, streets and parking, and for building 
massing, type and placement as well, as the administrative provisions necessary to adopt a 
complete municipal ordinance. According to Walters (2007, p. 114) the Smart Code “is perhaps the 
most significant effort to reform American land use regulations since the introduction of zoning in 
its conventional form in the early 20th century.” 
 Within a watershed, building form standards can reduce the amount of net impervious 
surface through individual parcel design. For example, lot widths in residential neighborhoods not 
only determine the degree of clustering that can occur, but could open the possibility for shared 
driveway access; increased building heights could allow for multi-family or mixed use housing that 
could build up, instead of out; small setbacks could reduce driveway length; maximum building 
depth standards could minimize oversized backyard additions that are both incompatible with 
existing homes and increase the lot’s hard surfaces.  
Stormwater Best Management Practice Standards 
 In addition to the components required by the Form-Based Code Institute, other 
components can be included to address community-specific needs, including standards for 
stormwater management controls. Mitigation through low impact development BMPs could be 
considered as a final alternative, after managing growth to avoid sensitive areas and designing 
neighborhoods and parcel to minimize the amount of impervious surfaces.  These standards would 
mirror standards set forth in existing BMP manuals that describe appropriate environmental 
conditions for each BMP to function properly, however could be added to a transect model, showing 
which BMPs could fit into the character of the zone (Appendix E). For instance, grass swales and 
large dry pond detention basins may be appropriate in some zones, but certainly not in the most 
urban areas. The space required and costs of installing and maintaining BMPs are high and, alone, 
can be ineffectual at slowing water flow and filtering pollutants beyond what they are engineered to 
do. Therefore, the integration of BMPs into a broader framework of watershed protection is crucial.  
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 Table 2 summarizes how each component of a form-based code fits within a larger 
watershed protection framework to avoid sensitive areas, minimize impervious coverage, and 
finally, to mitigate the impacts of development using stormwater BMPs.   
Table 2: Summary of form-based code components and  watershed protection framework 
Strategy FBC Component Effects on Watershed 
1) Avoid sensitive 
areas 
Regulating Plan 
 
 Assign transect zones based on ecological factors 
 Designate high intensity districts away from 
wetlands, riparian habitats, highly erodible soils, 
steep slopes, etc.  
2) Minimize 
impervious coverage 
Public Space Standards; 
Building Form 
Standards 
 
 Design street width according to context 
 Match the variety of civic spaces with the activities 
and the intensities they are used for 
 Require sidewalks only where appropriate 
 Minimize lot widths 
 Allow mixed use 
 Allow for shared driveways 
3) Mitigate 
development impacts 
Stormwater Standards  Match BMPs with appropriate environmental 
conditions and development context 
 
Methods 
 This research examines the viability of improving watershed health by reducing nutrient 
runoff through an exploratory case study of the Jordan Lake Watershed in North Carolina. The 
study design includes a detailed program analysis of the pending Jordan Nutrient Strategy as well 
as a series of semi-structured interviews to better understand the implications of the Jordan Rules, 
the existing water quality regulatory framework, and key stakeholder group positions. 
 A substantial body of information was collected on the Jordan Nutrient Strategy, including 
drafts of the proposed Rules, fiscal analysis reports, letters of public comment, stakeholder project 
summary reports, newspaper articles and editorial pieces.  These sources provided background 
content and context for the Jordan Rules, as well as insight into interactions among stakeholder 
groups. 
 In addition, a series of semi-structured, in-person interviews with key informants from 
state and local agencies was conducted to elicit program details and clarify stakeholder positions  
(Berg, 2001)(Appendix F: list of interviewees).  Interviews were conducted systematically so as to 
contact: 1) those that have had either a direct role in creating the Rules or will have a role in their 
implementation, and 2) a cross-section of stakeholders from diverse geographic locations within 
the affected watershed. Questions addressed the interviewee’s perceptions of the process of 
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creating the Jordan Rules, legal and fiscal implications, and anticipated outcomes (Appendix G: 
interview questions). 
 In total, four interviewees were contacted to discuss the Jordan Rules. Key informants 
included: 1) the supervisor from the North Carolina’s Division of Water Quality largely responsible 
for drafting the Strategy, 2) the water resources program manager from the Triangle J Council of 
Governments (TJ-COG) who facilitated a stakeholder process, 3) the executive director of the 
Piedmont Triad Council of Governments, and 4) a staff member from Greensboro, NC, a local 
government subject to the regulations of the nutrient strategy. Future research would benefit from 
a more comprehensive survey of stakeholders, particularly those from the development, 
environmental and local government community.  
Case Study: A Strategy for Water Quality in the Jordan Lake Watershed  
 In 2007 widespread drought throughout the southeastern United States severely 
threatened water supplies, eliciting urgent policy action, swarms of media attention and public 
sacrifice (Eisley, 2008). In North Carolina, former Governor Mike Easely proclaimed the drought to 
be “the worst in recorded history,” with precipitation levels an estimated 18 inches below average.  
As water shortages endangered agricultural productivity, energy production, and municipal 
drinking supplies, citizens were called on to decrease consumption up to 50 percent, policy makers 
devised a water conservation pricing scheme, and suppliers were urged to enter into sharing 
agreements (Drought Management Advisory Council , 2008). This year (2009), with water levels in 
Piedmont reservoirs rebounding to reach average capacities, an equally important and on-going 
threat to the region's water is largely unknown to public: the quality of water now filling drinking 
water reservoirs, like the B. Everett Jordan Reservoir (Jordan Lake), has fallen below state and 
federal standards posing risks to environmental and public health.3 
Jordan Lake Nutrient Enrichment 
 Poor water quality conditions in the Jordan Reservoir have repeatedly been a concern, even 
before construction was completed in 1983.  Originally conceived of as a measure of flood control in 
1945 by the Army Corps of Engineers, the “New Hope Dam” project, as it was then called, filled 
47,000 acres of the New Hope Valley, a basin located four miles north from where the confluence of 
the Haw and Deep Rivers mark the beginning of the Cape Fear River. During construction, water 
quality experts warned in the 1973 environmental impact statement (EIS) of a significant likelihood 
                                                          
3
 Clean Water Act, § 303(d); Clean Water Responsibility Act of 1997, §1997-458 
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of excessive algal growth which would negatively impact aquatic ecosystems and have harmful 
effects of human contact with and consumption of the water (North Carolina Division of Water 
Quality Planning Section, 2007).  Despite these concerns, proponents in the U.S. Congress rebutted, 
saying that the benefits of Jordan Lake – downstream flood control, recreational amenities, and its 
capacity to serve as water supply for rapidly growing communities – would outweigh potential 
environmental hazards (Grebe, 1991).  
 Unfortunately, predictions made concerning the health and quality of Jordan Lake’s water in 
the original environmental impact statement have proven true.  Within the first year of 
impoundment, Jordan Lake was added to the state’s list of Nutrient Sensitive Waters (NSW).  
Despite more stringent point source discharge regulations and technological improvements to treat 
the water for human consumption, quality has continued to decline since the 1980s. Algal blooms, 
including ecologically harmful blooms of blue-green algae, have been documented consistently in 
the Haw River and the Upper New Hope Creek (Figure 1.A). This algae growth consumes the 
water’s oxygen, leaving a depleted supply for fish and in 2005 and 2006 resulted in a number of 
reported ‘fish kills’ (Figure 1.B).  In addition, mounting complaints about the water’s taste and odor, 
as well as reports of ‘unpleasant’ health effects after swimming in the lake have raised questions of 
its recreational safety and aesthetic appeal, as well as the financial and technological capabilities to 
treat contaminated water for human consumption (DWQ, 2007). 
Figure 1: Environmental Impairment in Jordan Lake 
  
Figure 1.A: Algae bloom on Morgan Creek arm of Jordan Lake,  
August 29, 2005 (Haw River Assembly, 2006) 
Figure 1.B: Dead crappie from Upper New Hope fish kill reported to DWQ, 
Friday, March 24, 2006  
(Haw River Assembly, 2006) 
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Jordan Lake Watershed Population Trends and Land Use 
 The deterioration of water quality in Jordan Lake has coincided with the accelerated pace of 
population growth and land development within the lake’s watershed. While the water supplied by 
the reservoir has, in many ways, enabled population growth in the region, the pattern of 
development within the watershed is now believed to contribute the lake’s declining water quality.     
 With regard to the recent research linking urbanization and water quality, both the degree 
and form of development that has occurred within the watershed is central to understanding water 
impairment within Jordan Lake.  While the majority of Jordan Lake is located in the eastern portion 
of Chatham County, its 1,686 square-mile watershed extends into portions of eight counties and 26 
municipalities to the east and north (Figure 2). Watershed boundaries do not follow political 
boundaries, leaving only fractions of most counties and many municipalities contained within the 
watershed. Geographic extent, political fragmentation, and diversity of landscapes, ranging from 
agriculture and rural land to highly urbanized areas, make Jordan Lake’s Watershed particularly 
difficult to regulate and monitor. The three distinctive “arms” or sub-watersheds that feed into 
Jordan Lake – the Haw, the Upper New Hope Creek and the Lower New Hope Creek – are each 
characterized by distinct development and growth trends, and as a result, pose unique water 
quality restoration challenges.  
 The Haw River arm encompasses 80 percent of land within the watershed and includes 
portions of many rapidly growing counties in North Carolina’s piedmont (Table 3). Alamance, 
Chatham, and Guilford counties all grew by over 20 percent from 1990-2000, in large part due to 
growth in and surrounding municipalities such as Burlington, Mebane, Pittsboro, and Greensboro.  
Despite growth, land cover assessments indicate that 55 percent of the land is covered by forest 
which detains and slows stormwater. Agriculture, particularly livestock farming, continues to have 
a strong presence throughout the Haw River watershed, with farms comprising nearly a quarter of 
land. This leaves only 21 percent for other urban uses such as commercial/industrial, residential 
and other uses (Figure 3.A).    
 The New Hope Creek arms are more heavily urbanized than the Haw sub-watershed and 
include large portions of the rapidly growing Triangle area. Durham, Orange, and especially Wake 
County experienced very fast growth from 1990-2000, particularly areas within the counties in 
proximity to the Research Triangle Park. These areas are expected to continue growing through 
2020 (Table 3). Still, according to land use assessments, a majority of the sub-watersheds are 
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covered with forest (59%). Agriculture consumes a smaller percentage of land than in the Haw sub-
watershed, however, urbanized areas, including residential, commercial/industrial, and other uses, 
comprise 37 percent of land within the sub-watershed (Figure 3.B). 
Figure 2:  Jordan Lake Watershed  
Haw Subwatershed
Upper New Hope 
Subwatershed
Lower New Hope
Subwatershed
 
Source: DWQ, 2008 
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Table 3: Sub-watershed Population Growth Trends and Projections 
 
County 
Fraction of 
County in 
Jordan 
Watershed 
1990 
Population in 
Jordan 
Watershed 
2000 
Population in 
Jordan 
Watershed 
Estimated 
2020 
Population 
Projection 
in 2020 
Percent 
Change 
1990-
2000 
Estimated 
Percent 
Change 
2000-
2020 
H
a
w
 S
u
b
-w
a
te
rs
h
e
d
 Alamance 95% 102,802 124,254 162,472 21% 31% 
Caswell 20% 4,139 4,700 5,330 14% 13% 
Chatham 45% 17,442 22,198 33,266 27% 50% 
Guilford 55% 191,081 231,576 289,924 21% 25% 
Rockingham 25% 21,516 22,982 24,113 7% 5% 
N
e
w
 H
o
p
e
 
S
u
b
-
w
a
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rs
h
e
d
s Durham 35% 63,642 78,161 104,111 23% 33% 
Orange 55% 51,618 63,543 81,994 23% 29% 
Wake 8% 33,870 50,229 88,497 48% 76% 
 TOTAL - 486110 597645 789707 29% 32% 
Source: DWQ, 2008 
Figure 3: Distribution of Land Uses 
3.A. Haw River Arm  3.B. New Hope Creek Arms 
  
Source:  (NC DWQ, 2007) 
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Regulatory Mandate 
 In 1997, the NC General Assembly passed the Clean Water Responsibility Act4 which 
required the Environmental Management Commission (EMC) to establish improvement goals for 
Nutrient Sensitive Waters, and to develop and implement management plans for point and non- 
point pollutants. This bill came in addition to clean water mandates under the federal Clean Water 
Act’s National Pollutant Discharge Elimination System (NPDES) Stormwater Phase I and Phase II 
permitting program. Under the new Clean Water Responsibility Act, which was largely intended to 
reduce the impact of hog farming operations, local governments were required to limit the amount 
of nutrients wastewater dischargers emitted into the lake to 5.5 mg/l of nitrogen and 2.0 mg/l of 
phosphorus. Recognizing that a one-size-fits-all approach was not necessarily the best approach to 
protecting water quality, the General Assembly allowed affected parties to work together to 
develop watershed-specific nutrient response models to substantiate future wastewater treatment 
permit limits and to develop nutrient management plans for the watershed.i  
Nutrient Response Model 
  In 1999, a group of seven municipal wastewater dischargers from Burlington, Graham, 
Greensboro, Mebane, Orange Water and Sewer Authority (OWASA), Pittsboro and Reidsville (later 
joined by Apex and Cary) created a nutrient response model for Jordan Lake. Project Partners, as 
the group was named, believed the Clean Water Responsibility Act would place over-burdensome 
and un-due requirements on their discharging limits and that a nutrient response model would 
prove the dischargers were already in compliance with state minimum water quality standards.iii 
The extent of pollution within Jordan Lake, however, was severely underestimated and the model 
instead revealed nitrogen and phosphorous content in the Haw sub-watershed far beyond expected 
levels ii, prompting the NC Division of Water Quality to institute a TMDL for the lake’s sub-
watersheds and to create a nutrient management strategy that would outline its restoration.  
 According to the model, distinct hydrologic behavior of each arm within the Jordan 
Watershed necessitated three sets of nutrient reduction goals. The model indicated the magnitude 
of reductions, measured in pounds per year for nitrogen (N) and phosphorous (P) that would be 
needed to achieve water quality standards (Table 4). Reduction goals were further assigned based 
on the model’s estimation of non-point source contributions from different land uses. The Upper 
                                                          
4
 Clean Water Responsibility Act of 1997, §1997-458 
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New Hope Arm faces the greatest reduction needs. Its watershed is heavily urbanized and includes 
a large portion of the rapidly growth Triangle area. The Lower New Hope Arm has the least 
reduction need. Its watershed is very small but is being developed at suburban residential 
densities.  
Table 4:  Annual Nutrient Reduction Goals 
 Segment of Jordan Reservoir 
Upper New Hope Arm Lower New Hope Arm Haw Arm 
(Lb/Yr) (% 
Reduction) 
(Lb/Yr) (% 
Reduction) 
(Lb/Yr) (% 
Reduction) 
Nitrogen 254,391 37% 0 2% 352,330 10% 
Phosphorus 6,809 5% 0 0% 65,433 5% 
Source: NC-DWQ, 2007 
 
Jordan Lake Stakeholder Project  
 While the results of the Nutrient Response Model resoundingly indicated Jordan Lake fell 
below state water quality standards, stakeholders within the watershed still had concerns about 
data quality, model certainty, and model validity (TJ-COG, 2005).These concerns were expressed 
repeatedly at a series of 21 stakeholder meetings facilitated by the Triangle J Council of 
Governments (TJ-COG) from May 2003 to December 2004. Although the intent of these meetings, 
recalled Sydney Miller, the TJ-COG’s Water Resources Program Manager, was to collectively develop 
a nutrient management strategy for the Jordan Lake Watershed, he now acknowledges that 
ambition was somewhat naïve given the circumstances.  “We expected to arrive at a nutrient 
management strategy that would be agreeable to everyone and that the EMC would just say 
“thanks,” breathe, a sign of relief, and it would be done” Miller admitted (2009). Although the 
meetings were well-attended and remained professional, Miller recalled fundamental 
disagreements between many stakeholder groups that were never truly reconciled through the 
process and, in fact, several recurrent issues prevented the process from being truly effective:  
1) Fundamental disagreements over the quality of data and the calibration of the model.  
Arguments, particularly from dischargers in the Haw arm, over the chlorophyll a data 
undermined confidence in the accuracy of the model and, therefore, the nutrient management 
targets.  
2) Identification of stakeholders. Although over 110 stakeholder groups participated 
throughout the process, the early inclusion of many key groups was overlooked. For instance, 
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two very influential groups – the non-point source division of NC DWQ and representative from 
NC DOT - were not involved from the on-set.  
3)  Inconsistent participation. The stakeholder process stretched over eighteen months and 
over 20 meetings, making it difficult for consistent participation. Staff turnover led to a constant 
“recycling over and revisiting old issues.”ii 
Although the stakeholder process fell short of collectively devising a nutrient management strategy, 
the resulting product was a series of recommendations for the EMC and the NC DWQ to consider 
while drafting the Jordan TMDL and nutrient management strategy. According to the final report, 
three overarching recommendations addressed many of the stakeholder concerns of model 
accuracy and anticipated costs:   
1) An adaptive management approach for the TMDL, nutrient targets, and nutrient management 
strategy. In response to the serious doubts raised over the accuracy of the model, stakeholders 
prioritized an adaptive management approach in their recommendations, which would allow 
TMDLs to be adjusted as data and model calibrations were improved. The intent was to 
improve confidence in the model and in the efficiency of improving water quality.   
2) A phased implementation of the nutrient management strategy. In concept, this would allow 
regulated entities to work with the DWQ to prioritize elements of the nutrient management 
strategy based on the costs and benefits of each element. This would ensure that immediate 
steps to protect water quality would be taken, but that local governments could also adapt 
programs to fit their local circumstances.  
3) A nutrient trading program. A program for point and non-point source credit trading would 
help highly urbanizing areas achieve the overall TMDL without sacrificing growth and economic 
development.   
Jordan Nutrient Strategy Rules 
 In response to the Nutrient Model and the Stakeholder Process, the DWQ began drafting the 
Jordan Nutrient Rules in 2006. Having recently completed nutrient management strategies for the 
Neuse and the Tar-Pamlico River Basins, DWQ staff recognized that the nutrient management 
strategy for Jordan Lake would have to include even more stringent rules to achieve the required 
nitrogen and phosphorous reductions.i While many of the proposed rules (Appendix H) mimic those 
set forth in the state’s earlier nutrient management plans, several others are unprecedented and 
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make this strategy the most rigorous and far-reaching attempt to restore water quality in North 
Carolina, and, arguably, the United States.  
 Central, and most controversial, to the proposed strategy is Rule .0266, which would 
require local governments to achieve loading reductions from retrofitting, redeveloping, and 
redesigning existing development. With existing residential, commercial, and industrial land 
responsible for a significant amount of non-point nitrogen (38 percent) and phosphorous (18 
percent) runoff, achieving the TMDL would be infeasible without addressing these land uses, 
according to Rich Gannon, the environmental supervisor at the DWQ’s Planning Division (DWQ, 
2007).  Many local government officials have responded with fierce objection to Rule .0266 for 
existing development, claiming the nutrient reductions to be technologically and financially 
infeasible (DWQ, 2008). Large discrepancies between the cost of compliance project by the DWQ 
and some local governments have led to further disagreements. The Fiscal Analysis Report 
published by the DWQ estimated total costs of complying with the rule for retrofitting existing 
development with Best Management Practices (BMPs) would be the most costly of the strategy, 
tallying a bill of $529 million for local governments (DWQ, Planning Section, 2007). Meanwhile, 
local governments like Durham have accused the DWQ of severely underestimating the costs. They 
predict retrofitting existing development in Durham alone will cost between $334 million to $680 
million – an estimate ranging from $6,750 to $13,800 per household (Wise, 2008). Still other local 
governments object to Rule .0266, saying that retrofitting relies on a “black box” of unproven and 
expensive BMP techniques.iii  
 In addition to municipal and county governments, the nutrient strategy’s rules for 
stormwater management of new and existing development will also apply to state and federal 
entities. This includes projects undertaken by the North Carolina Department of Transportation 
(NC-DOT) and several state universities within the watershed. Recognizing a significant amount of 
runoff originates on state owned impervious road surfaces, nutrient reduction compliance could 
not be met without the cooperation of state agencies, particularly NC-DOT. However, with the 
unique challenge of retrofitting linear infrastructure projects, the Rule was later amended so that 
new DOT road projects will be considered in compliance if they protect existing vegetated riparian 
areas within 50 feet of intermittent and perennial streams, lakes, or ponds (Rules Review 
Commission, 2008).  
 Building from past efforts in the Neuse and Tar-Pamlico strategies, the Jordan Nutrient 
Strategy includes a separate rule outlining a trading framework to maximize options for achieving 
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more cost-effective reductions. A direct response to the requests of stakeholders, Rule .0273 
provides parties subject to the various rules for new development, existing development, and 
agriculture to offset on-site reduction requirements by paying a fee to the NC Ecosystem 
Enhancement Program (EEP) or an accredited ecosystem restoration company to mitigate the 
impacts off-site (DWQ, 2008).  
 Receiving far less attention is Rule .0265, which calls for more stringent stormwater 
management for new development.  Although this rule does not represent a departure from 
previous nutrient management strategies, it is of particular importance in the rapidly growing 
areas of the Jordan Lake Watershed.  According to the proposed rule, within two years local 
governments would be required to have a stormwater management program in place that would 
enforce performance standards for the amount of nitrogen and phosphorous runoff from new 
development exceeding a particular size (Table 5).5 Each project would require an accompanying 
stormwater management plan that would detail stormwater controls designed to manage a 1-inch 
rainfall to the same degree as pre-development conditions.6  
Table 5 : Nutrient Loading Standards (pounds per acre, per year) 
 Upper New Hope Arm Lower New Hope Arm Haw Arm 
Nitrogen 2.2 4.4 3.8 
Phosphorous .82 .78 1.43 
Source: (DWQ, Planning Section, 2007) 
 
 In general, Rule .0265 has elicited relatively few objecting comments, with the exception of 
developers, who are expected to absorb a majority of costs, and municipalities concerned the rules 
might act as a disincentive to develop affordable housing (NC Division of Water Quality , 2008). 
Loading standards outlined under Rule .0265 do not go beyond those required by already in-place 
water quality protection programs such as NPDES Stormwater Phase II. Under Phase II NPDES 
Stormwater permitting, local governments are already required to educate and involve the public, 
monitor illicit discharges, and prepare construction and post-construction stormwater plans 
(Appendix A). As a result the DWQ estimates this rule will be relatively inexpensive for 
municipalities, costing a total of $1.13 million over the 5-year implementation period (DWQ, 2007).  
                                                          
5 Regulations would apply for development >1 acre for single family and duplex units and > ½ acre for 
commercial, industrial, institutional, multi-family residential, and government property.  
 
6
 Controls defined by the July 2007 version of the Stormwater Best Management Practices Manual: 
http://h2o.enr.state.nc.us/su/documents/BMPManual_WholeDocument_CoverRevisedDec2007.pdf 
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 In spite of disagreements over specific features of the proposed Jordan Nutrient Strategy, 
the overarching need to reduce nutrients in a reservoir that provides drinking water for a growing 
population is recognized.  Currently, the strategy is up for discussion in the NC General Assembly, 
where in the first week of the legislative session two bills were introduced to disapprove the 
strategy. If the disapproval bills receive insufficient votes to pass, the legislature may seek an 
alternative bill that would satisfy all parties. Despite the outcome of the General Assembly vote, 
planners in local and county governments should begin working with engineering and public works 
departments, citizens, and regional neighbors to devise a multi-faceted plan to affordably and 
effectively reach their nutrient reduction goals.  
Results: Evaluating form-based solutions for water quality in Jordan Lake 
 Even while a theoretical assessment of form-based codes suggest they may be more capable 
of encouraging watershed-sensitive development, it is uncertain whether a form-based alternative 
is viable for communities in the Jordan Lake Watershed. Beyond persisting empirical questions of 
their effectiveness in producing tangible environmental results – nutrient load reductions – 
implementing a form-based code also needs to be evaluated in terms of pragmatic feasibility.  In the 
case of the Jordan Lake Watershed, political barriers and opportunities, local departmental 
specialization, existing zoning ordinances, and administrative complexities will most likely impede 
the opportunity for an effective region-wide form-based solution to water quality.  
Political Barriers and Opportunities 
 The staunchest dissenters of the standards imposed by the Jordan Nutrient Rules, 
communities upstream of Jordan Lake, are also those most reluctant to invest in solutions.i  Even 
though watershed-wide solutions are the most ecologically efficient way to improve water quality, 
political fragmentation makes this very difficult (MacDonald, 2005). Particularly within the Jordan 
Watershed, planning and land development decisions are made by a complex web of jurisdictions 
and empowered bodies: counties, municipalities, townships, boards, metropolitan planning 
organizations, and councils of government (Table 6).   
 Even though the Councils of Governments, particularly TJ-COG, have taken an active role in 
facilitating regional coordination, without regulatory empowerment these organizations have little 
influence over local entities. The Stakeholder Project, facilitated by TJ-COG in 2003-2004, produced 
few tangible results,ii despite lasting over 20 months. Lacking organization like the Upper Neuse 
River Basin Association, which provides technical and regulatory recommendations to all local 
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governments in that sub-basin, regional efforts in the Jordan Watershed are disadvantaged in terms 
of gaining political buy-in. 
 With relatively few instances of regional cooperation at this scale, it is unlikely jurisdictions 
within the watersheds will collaborate on this already 
highly politicized and contested issue. But perhaps the 
more powerful point undermining a region-wide effort 
of regulatory reform is the lack of consensus agreement 
on the validity and extent of Jordan Lake’s 
eutrophication. All interviewees noted that fundamental 
disagreement over the quality and quantity of the data 
used in the nutrient response model has plagued a 
consensus strategy. i, ii, iii, iv Memorandums and letters 
submitted to the DWQ on behalf of jurisdictions and 
organizations during the formal 90-day comment 
period re-iterate these technical concerns and even 
suggest that without certainty in the model there would 
be resistance to any additional efforts to change policy 
regarding runoff and effluent reaching Jordan Lake 
(Alamance County Board of Commissioners, 2007; 
Orange County Board of Commissioners, 2007). Other 
comments on behalf of local governments articulate that 
although they agree steps need to be taken to improve 
water quality, it is unfair to expect tax payers to invest 
in expensive unproven solutions (Durham Deputy City Manager, 2007; City of Greensboro Water 
Resources Department, 2007). Moreover, many claimed that significant improvements in water 
quality would likely be seen once the effects of Phase II stormwater programs are realized (Town of 
Chapel Hill Manager, 2007; City of Burlington, 2007).   
  A form-based approach, above all else, to be effective at a watershed scale would need the 
political cooperation of jurisdictions. The lack of commitment to nutrient reduction standards 
across the region is a strong signal that a broader attempt at regulatory reform to a system of form-
based codes is improbable. However, the TJ-COG and the Triad-COG are in good positions to 
facilitate and provide the technical information necessary to create a workable regulating plan. 
Table 6: Jurisdictions and Empowered Bodies 
in the Jordan Lake Watershed 
Counties 
Alamance  
Caswell 
Chatham 
Guilford 
Rockingham  
Durham 
Orange 
Wake 
Municipalities 
Alamance  
Apex 
Burlington  
Carrboro  
Cary  
Chapel Hill  
Durham  
Elon  
Gibsonville  
Graham  
Green Level  
Greensboro  
Haw River  
Kernersville  
Mebane 
Morrisville  
Oak Ridge  
Pittsboro  
Pleasant Garden  
Reidsville  
Sedalia  
Stokesdale  
Summerfield 
Wilsonville 
Whitsett  
Metropolitan Planning 
Organizations (MPO) 
Greensboro Urban Area  
Durham-Chapel Hill-
Carrboro 
Regional Councils of 
Government (COG) 
Piedmont Triad  
Triangle J 
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While only speculative, political support for a form-based approach could be gained from 
communities like Cary or Durham that are expecting high growth. These are communities that 
would see fiscal benefits of concentrating growth and allowing for higher-densities, rather than 
limiting density according to existing watershed protection regulations.  Communities with a large 
amount of ecologically sensitive land might be more resistant to a region wide regulating plan that 
would limit development within those areas. Similarly, it is unlikely communities that have 
difficulty attracting development will agree to public space and building form standards that, in the 
short-term, raise the costs to developers and limit the amount of affordable housing.   
Departmental Specialization 
 While political fragmentation at the watershed scale is a barrier to successful development 
regulation reform, the separation of development and stormwater authorities into different 
departments at the local level is yet another obstacle. A survey of jurisdictions within the Jordan 
Watershed shows that all except for three jurisdictions have distinct planning departments and 
departments responsible for stormwater ordinances and management plans, most often public 
works or engineering departments (Appendix I).  
Existing Zoning  
 There appears to be little acknowledgement within zoning ordinances of the relationship 
between watershed protection ordinances and compact, mixed use development ordinances. As 
seen in Appendix J, most jurisdictions within the Jordan Lake Watershed do not coordinate 
watershed protection with zoning and subdivision ordinance provisions for mixed use or 
traditional neighborhoods. Nearly all jurisdictions’ ordinances include watershed protection zones 
under the direction of the Water Supply Watershed Program. These zones are characterized by 
varying degrees of low-density and low impervious coverage standards. Most localities have 
recently amended land development and subdivision ordinances to include provisions for cluster 
subdivisions, mixed-use districts, traditional neighborhood districts, or planned unit development 
districts. While the inclusion of these flexible zones that encourage mixed use and compact 
development is encouraging for the prospect of a future form-based zoning district in the future, 
many of the zones are not widely applied and are restricted to only small areas within the 
municipal or county limits. For instance, Chatham County’s Compact Community Ordinance which 
is designed to encourage large-scale mixed-use developments inspired by smart growth principles, 
is limited to a small six square-mile designated area in the northeastern portion of the county.  
Without an existing recognition that a balanced relationship between compact development and 
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open space and protection of low-density areas is vital watershed protection, communities within 
the watershed are unlikely to see the benefits of a form-based code.  
Efficiency and Administrative Complexity  
 In theory, form-based codes prescribe the community’s expectations for development.  
Because the code establishes a clear physical vision and standard for new development, projects 
that meet those standards can be approved quickly. Expedited approval saves the developer time 
and, therefore, money.  However, David Walters (2007), a professor of architecture at the 
University of North Carolina at Charlotte and design professional responsible for several examples 
of form-based codes in western North Carolina7, writes “The experience of Huntersville (NC) staff, 
and other planners in the Charlotte area working with form-based codes, does not bear out the oft-
quoted claim that form-based codes expedite permitting and provide incentives for developers with 
a quick and less expensive approval process” (p.120). He explains that “even with a tightly crafted 
code …there is always staff interpretation involved, and this takes time. Review of major schemes 
that seek a conditional zoning approval is never as simple as staff ‘checking a box’ and issuing a 
quick permit.” In fact, in Huntersville, larger projects generally require about 6-8 months for 
approval of planning and design matters, and another 3-4 months for approval of civil engineering 
permits, which is not appreciably faster than conventional zoning approval processes (Walters, 
2007).   
 In addition to the lengthy development review process, Walters (2007) describes the extra 
burden placed on the city staff. “However carefully and illustrated the code might be”, he writes, 
“planners still engage in a constant process of educating elected officials and the general public 
about the concepts and requirements contained in the code. This educational process will continue 
as new elected officials take office, planning staff come and go, and new residents enter the 
community” (p. 119).  Furthermore, Walter’s experience in Huntersville has led him to believe that 
all municipalities operating a form-based code must have “professional design expertise on staff in 
the person of an urban designer, architect, or landscape architect, or else a design consultant 
retained to work with elected official, developers and builders to help implement the code’s 
objectives.” 
 For many jurisdictions within the Jordan Watershed, the additional time and expertise 
required to administer a successful form-based code is simply infeasible. Many planning 
                                                          
7
 Huntersville, NC; Davidson, NC; Wake Forest, NC 
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departments are equipped with one administrator, who most likely has little or no profession 
design experience. For localities with experience with PUDs, Traditional Neighborhood Districts, 
and even Mixed Use Districts, administering a form-based code may not be as onerous. But even for 
localities with more sophisticated planning departments like Durham, Chapel Hill, or Carrboro, the 
task of educating staff, policy makers, developers, and citizens would be no small feat.  
Legal Ambiguity 
 Unlike conventional zoning, there is very little case law addressing the many regulatory 
aspects of form-based codes. Until recently form-based codes have most commonly been applied to 
private-covenanted developments like Kentlands, MD or Seaside, FL (Duany & Plater-Zyberk, 
2000), but many municipalities and counties have been hesitant to adopt them because of legal 
uncertainties.  Yet though there have been very few cases, many legal scholars are able to anticipate 
the types of legal issues which may generate challenges to the ways in which form-based codes are 
currently written and implemented (Garvin & Jourdan, 2008). In general, and specifically within 
communities within the Jordan Lake Watershed, challenges posed to form-based codes could form 
around several questions: Is regulating for aesthetic purposes a legitmate public purpose? Are 
form-based codes authorized by state enabling legislation? Are form-based codes sufficiently clear 
and meaningful in their development standards? Do form-based codes leave too much room for 
discretionary influence? 
In North Carolina, local governments are granted authority to regulate land by the state 
General Assembly.8 This includes the powers to plan and zone for the purposes of “promoting 
heath, safety, morals, or the general welfare of the community.” Under state statue, a zoning 
ordinance may regulate and restrict the height, number of stories and size of buildings and other 
structures, the percentage of lots that may be occupied, the size of yards, courts and other open 
spaces, the density of population, the location and use of buildings, structures and land. 
Importantly, this definition does not preclude the regulatory parameters used in many form-based 
ordinances. Regulating ‘use’ is included in this definition, but does not supersede the other 
components.  
Even though state law does not prohibit local governments from regulating land using a 
form-based approach, their legitimacy is often still questioned on the basis of substantive due 
process.  Form-based regulations, like all zoning regulations, are exercises of the local government 
                                                          
8 §160A-381 
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police power and therefore must advance the health, safety, morals, and general welfare of the 
citizens.  In this respect, form-based zoning obtains its validity through precedent regarding 
‘aesthetic’ zoning and ‘design review’, where communities seek to control how buildings are 
designed, usually to help ensure a fit between new buildings and the preferred character of the 
area. But design guidelines can prove to be a legal minefield, often over the issue of whether or not 
regulating aesthetics constitutes a legitimate public purpose. For these reasons many communities 
have opted to forego architectural regulation within their form-based codes (Garvin & Jourdan, 
2008).     
Conclusions 
 As communities in the Jordan Watershed and across the United States face increasingly 
stringent mandates to reduce nutrient loads that degrade water quality, officials should consider 
supplementing engineered Best Management Practices with development regulations that 
encourage urban forms that can reduce the nonpoint source pollution.  Although more empirical 
research needs to be conducted to make the relationship between form-based zoning and water 
quality protection less tenuous, studies have consistently shown that new urban and TND 
neighborhoods created under the auspices of form-based principles improve ambient water quality 
by reducing impervious surfaces and many of the sources of pollutant loading.  
  Although advocates of form-based zoning assert the codes present a viable environmental 
alternative to traditional zoning practices, a more explicit integration of watershed protection into 
the code’s framework would strengthen their argument. To accomplish this, this research proposes 
a four-pronged approach: 1) designing a regulating plan at a watershed level, designating different 
zones of urban intensity according to their relationship with vital ecological features; 2) creating 
public space standards for streets and civic spaces that both reduce impervious surfaces where 
contextually appropriate and contribute to a high quality public realm; 3) outlining building form 
and lot standards that preserve pervious surfaces or, depending on the transect context, cluster 
pervious surfaces together in order to preserve pervious open spaces; and 4) outlining suitable 
stormwater mitigation devices for each transect zone.  
 Even while opportunities exist to amend form-based zoning to be an effective watershed 
planning tool to improve water quality, obstacles to their implementation still loom.  In the case of 
the Jordan Lake Watershed it was found that legal ambiguity, political fragmentation, 
administrative difficulties, and the existing regulatory framework would most likely hinder an 
attempt to implement a form-based approach to minimize load reduction requirements. This was 
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judged to be the case despite long-range economic savings and the long-term potential secondary 
benefits.  
 These findings, however, should not dissuade communities around the country from further 
exploring form-based zoning as an option to both accommodate growth and protect watersheds. 
This research suggests that form-based codes could be a promising tool for local governments if the 
following prerequisites are met:    
 1) A presence of a strong regional leadership is vital in coordinating local governments and easing 
tensions arising from political fragmentation. Ideally, this regional body would have regulatory 
authority and experience with region-wide planning.  
2) A genuine understanding of the interrelationship between land use and water quality. In order 
for form-based zoning districts to be effective, planners will need to convince policy makers of the 
inherent connections between watershed protection and compact, mixed use communities. 
3) A commitment to any given solution for water quality is typically gained when there is a 
consensus agreement on the sources and degree of water quality impairment. Quality information 
and data modeling are a foundation to gaining support.  
4) A prior experience with compact development, mixed use, or traditional neighborhood 
ordinances.  
5) At trained staff that has experience with reviewing architectural renderings and communicating 
requirements with public and developers.    
Further research should be conducted to better understand the barriers and opportunities for 
watershed protection through form-based codes. This research should entail interviews with a 
broader spectrum of stakeholders including design professionals, developers, citizens, ecologists, 
and city officials.   
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Appendix 
Appendix A: United States and North Carolina Water Quality Laws &Programs 
Federal Clean Water Act  
First passed in 1972, the Clean Water Act is the guiding statue for programs aimed at restoring 
and maintaining the chemical, physical and biological integrity of the nation's waters. It 
authorizes the U.S. Environmental Protection Agency (EPA) to implement and enforce federal 
effluent limitations and state water quality standards; issue permits for the discharge of 
pollutants into navigable waters; and fund wastewater treatment construction grants and state 
revolving loan programs. 
National Pollutant Discharge Elimination System  
Point source water dischargers are regulated by individual states through the National 
Pollutant Discharge Elimination System (NPDES), which was established through the Clean 
Water Act of 1972.  The North Carolina Department of Environment and Natural Resources 
(NC-DENR) is responsible for administering the state’s stormwater management program, 
including issuing NPDES point source permits.  The NPDES program sets quantitative discharge 
limits and technological standards for point sources that discharge into surface waters. The 
NPDES program has been largely successful in curbing the amount of point source pollution 
discharges into water bodies (NC Division of Water Quality).  
Despite improvements resulting from NPDES regulations, water quality continued to 
deteriorate due to the persistence of pollutants from non-point sources. Advancements in 
research linking stormwater runoff and water quality prompted legislators to amend the Clean 
Water Act in 1987 to include provisions for a first phase of the NPDES Stormwater Program. 
First initiated in 1990, the Environmental Protection Agency requires developers of 
construction sites greater than 5 acres, heavy industrial sites, and large and medium 
municipalities with populations 100,000 or more to obtain NPDES permits. Within North 
Carolina, Raleigh, Durham, Fayetteville/Cumberland County, Charlotte, Winston-Salem, 
Greensboro are covered by Phase I permit requirements (NC Division of Water Quality). 
In 1999, the scope of NPDES Stormwater program was expanded to include municipalities 
within urbanized areas that were not already covered by Phase I, otherwise known as small 
MS4s. Also affected are those developing constructions sites that disturb between 1-5 acres. 
Permitted communities are required to develop and implement a comprehensive stormwater 
management program that includes these six measures: 1) public education and outreach on 
stormwater impacts, 2) public involvement/participation, 3) illicit discharge detection and 
elimination, 4) construction site stormwater runoff control, 5) post-construction stormwater 
management for new development and redevelopment, and 6) pollution prevention/good 
housekeeping for municipal operations (NC DWQ). 
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While these tools that have been effective in curtailing the dumping of municipal and industrial 
wastes through outfall pipes into nearby waterways – the establishment of water quality 
standards and effluent limitations; the requirement that all dischargers obtain permits, monitor 
what they are discharging, and submit daily monitoring reports to regulatory authorities – are 
not well suited to controlling the surface runoff from suburban driveways, city streets, and farm 
fields that is this generation’s water quality challenge. As MacDonald explains, “Runoff can 
occur anywhere … therefore, the entire human population is responsible for runoff pollution to 
some degree … For this reason, it has been difficult for the EPA to mitigate the impact of 
polluted runoff on the nation’s water resources.” (MacDonald, 2005).  
N.C. Clean Water Responsibility Act 
In 1997 the NC General Assembly passed the Clean Water Responsibility Act which required the 
Environmental Management Commission (EMC) to establish improvement goals for Nutrient 
Sensitive Waters, and to develop and implement management plans for point and non- point 
pollutants. Under the new Clean Water Responsibility Act, which was largely intended to reduce 
the impact of hog farming operations, local governments are required to limit the amount of 
nutrients wastewater dischargers emitted into the lake to 5.5 mg/l of nitrogen and 2.0 mg/l of 
phosphorus.  
303(d) List and TMDLs 
The federal Clean Water Act authorizes North Carolina to develop a list of waters short of 
meeting water quality standards. A management strategy, as called a total maximum daily load 
(TMDL) must subsequently be developed for listed waters. TMDL is calculation of the maximum 
amount of a pollutant that a waterbody can receive and still meet water quality standards, and 
an allocation of that amount to the pollutant's sources.  
N.C. Use Restoration Waters Program 
In response to the growing number of impaired waters across North Carolina, the Division of 
Water Quality implements a Use Restoration Waters Program. The program has the following 
goals:  1) prioritizing waters for restoration, 2) promoting and supporting restoration 
initiatives, and 3) improving documentation of restoration efforts. Limited staff and fiscal 
resources at the state level promotes partnerships with other interest groups.  
Clean Water Management Trust Fund 
Created in 1996, the Clean Water Management Trust Fund makes grants to local governments, 
state agencies and conservation non-profits to help finance projects that specifically address 
water pollution problems. 
Ecosystem Enhancement Program 
Created in 2003, the Ecosystem Enhancement Program is designed to restore and mitigate the 
effects of development on wetlands, streams, riparian areas, and other affected ecosystems.  
Basin-Wide Planning Program 
Basin-wide planning program prepares non-regulatory, watershed-based plans to restore and 
protect surface waters.  “Plans”, which actually act more a report of water quality conditions 
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throughout the basin, are prepared every 5 years by the NC Division of Water Quality (DWQ) for 
each of the 17 major river basins in the state, but are carried out by a wide variety of agencies 
and organizations.    
Water Supply Protection Program 
The Water Supply Protection Program is designed to protect the surface water sources of the 
state. Within this program there are several categories of protection: WS-I (most stringent 
stormwater requirements), WS-II, WS-III, and WS-IV (least stringent requirements). For each of 
these categories there are stormwater requirements that must be met for development. The 
local community governments have the authority to implement this program and have adopted 
these requirements by ordinance.  An estimated 51% of the Jordan Lake Watershed is already 
found in Water Supply Watersheds. 
 
Appendix A, Figure 1: Water Supply Watersheds in the Cape Fear River Basin 
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Appendix A, Table 1: Water Supply Watershed Summary Rules 
Watershed 
Classification 
Allowable 
Dischargers 
Allowable 
Development: 
Low Density 
Allowable 
Development: 
High Density 
Stormwater 
Controls 
WS-I Watershed None None None NA 
WS-II Critical Area General Permits 1du/2ac or 6% 
built upon (2) 
6-24% built upon 
area 
Control the 1" storm 
WS-II Balance of 
Watershed 
General Permits 1du/ac or 12% 
built upon area 
12-30% built 
upon area 
Control the 1" storm 
WS-III Critical Area General Permits 1du/ac or 12% 
built upon area 
12-30% built 
upon area 
Control the 1" storm 
WS-III Balance of 
Watershed 
Domestic & Non-
process 
Industrial 
2du/ac or 24% 
built upon area 
24-50% built 
upon area 
Control the 1" storm 
WS-IV Critical Area Domestic & 
Industrial (1) 
2du/ac or 24% 
built upon (3) 
24-50% built 
upon area (3) 
Control the 1" storm 
WS-IV Protected 
Area 
Domestic & 
Industrial 
2du/ac or 24% 
built upon (3,4) 
24-70% built 
upon area (3,4) 
Control the 1" storm 
 
NC Agricultural Cost Share Program  
A voluntary program offered through the Division of Soil and Water Conservation to protect 
water quality by installing best management practices on agricultural lands. This approach is 
supported by financial incentives, technical and educational assistance, research, and 
regulatory programs provided to farmers by local soil and water conservation districts. 
Stormwater BMP Manual 
The NC Division of Water Quality recently completed the latest version of the stormwater BMP 
manual in 2007 which outlines for developers, contractors and local officials the minimum 
standards for stormwater best management practices to meet state requirements.  
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Appendix B: Regulating Plans 
DPZ’s  Rural to Urban Transect 
 
Source: (CATS, 2008) Duany and Plater-Zyberg’s Rural to Urban Transect is a cross section of human 
environments that range from the least distrubed (T1) to the most dense (T6). The zones are primarily 
classifed by the physical intensity of the built form and the relationship between nature and the built 
environment. The transect represents a very generic illustration the built environment and is intended to be 
calibrated to local circumstances.  
 
 
Downtown Montgomery, Alabama Regulating Plan 
 
Source:  (CATS, 2008) A small area regulating plan that indicates the blocks and parcels to which specific 
transect zone principles will be applied.  
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Appendix C: Example Public Spaces Standards – Hercules Bayfront, CA 
 
Civic Space Standards – Town Square 
 
 
Source: (Opticos Design Inc., 2008) 
Left – A standard template for public space standards. Right – An example of the detailed information found for  public space 
standards. This is a blown up version of the sidebar on the adjacent template.  
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Street and Circulation Standards – Town Center Street I 
 
 
Source: (Opticos Design Inc., 2008) Top – A standard template for street standards. Bottom – An example of the detailed 
information found for  street standards. This is a blown up version of  the matrix found on the template. 
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Appendix D: Example Building Form Standards – Grass Valley, CA 
 
Building Form Standards – Neighborhood Center 
 
 
Source:  (Opticos Design Inc., 2008) Left – A standard template for building form standards. Right – An example of the detailed 
information found for  building form standards. This is a blown up version of the sidebar on the adjacent template. 
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Appendix E: Example Stormwater BMP Transect Matrix 
 
Stormwater BMP 
Transect Model 
 
Stormwater BMP       
Dry Detention Pond       
Wet Retention Pond       
Fountain       
Rain Garden/Bioretention       
Cisterns/Rain Barrels       
Green Roof       
Porous Pavement       
Infiltration Strip       
Vegetated Swale       
 
Source: Berg, 2009. A hypothesized example showing how stormwater BMPs could be fit into a form-based code transect model. This 
diagram is only intended to illustrate how BMPs can be integrated into the transect model, not to inform development.   
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Appendix F: Interviewees 
 
i Rich Gannon. North Carolina Division of Water Quality Staff, Environmental Supervisor. Raleigh, 
NC. Interviewed on February 11, 2009.   
ii Sydney Miller. Triangle J Council of Governments, Water Resources Program Manager. Durham, 
NC. Interviewed on February 12, 2009.   
iii Randall Billings. Piedmont Triad Council of Governments, Executive Director. Interviewed on 
February 16, 2009.  
iv Dick Hails. City of Greensboro, Planning Director. Interviewed on March 26, 2009.  
Appendix G: Interview Questions by General Topic 
Origin/Motivation for the Jordan Nutrient Rules 
In your opinion, what was the largest motivating factor for the Jordan Nutrient Strategy, both in 
its entirety and specifically Rule .0265 for New Development? 
What do you see as the objective of the Jordan Nutrient Strategy? Should it be considered a 
priority? 
Jordan Nutrient Strategy Formulation Process 
Did you feel that the State’s process of creating the Jordan Nutrient Strategy was reasonable? 
Did they seek ample input? Provide sufficient time to respond?  Communicate clearly? Respond 
to concerns adequately? 
The Strategy went through several iterations. Did you/your organization propose 
amendments/objections? Were your concerns addressed through the process? Does the most 
current iteration address your concerns? 
Implementation 
If the Rules are adopted by the NC General Assembly, what will be the role of your 
organization/department/position in implementing and/or enforcing the Rules? 
If the Rules are passed what do you anticipate will be a priority for implementation? 
Regulation? Public Education? BMP Installation? 
If the Rules are not adopted by the General Assembly what, if anything, will be done by your 
organization/department/agency to address the problem of water quality? 
What does your organization/department/agency currently do to ensure water quality? 
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If the Rules are adopted, how will they impact currently adopted plans, laws, or programs for 
your organization/department/agency? 
Estimated cost for implementing the Rules is seen as a barrier for local governments, what are 
some possible funding sources? (Taxes? Fees?) 
Is there a contingency who favors a regional solution? How might that work? 
Effectiveness/Impact 
Do you think, if the Rules are passed, they will lead to a tangible result? If so, how long might it 
take and at what cost? 
Do you think the specified nutrient reduction goals are achievable? 
Are there alternatives to the Rules that might yield a similar result? Are those alternatives 
preferable to the proposed Rules? 
Who will be most affected if the Rules are passed? 
Urban Form 
What aspect of urban form contributes most to the problem of stormwater and nutrient runoff? 
How familiar are you and others at your organization/department/agency with form-based 
codes? 
 
Appendix H: Summary of the Jordan Nutrient Rules 
Source: Division of Water Quality, Planning Division, 2008 
Rule .0262, Purpose and Scope  
Describes strategy purpose, scope, and objectives; identifies the set of rules comprising the 
strategy; designates Jordan watershed as a ‘critical water supply watershed’, which allows the 
EMC to require more stringent measures than minimum Water Supply Watershed 
requirements; defines geographically the three subwatersheds draining to Jordan Reservoir; 
identifies the baseline time period; establishes nitrogen and phosphorus (N and P) percentage 
reduction goals and corresponding point and nonpoint source lake loading targets for each arm 
relative to the baseline; establishes that all local governments –eight counties and 26 
municipalities– are subject to certain rules; and provides for adaptive management following a 
period of implementation.  
 Rule .0263, Definitions  
Defines terms that apply across rules and are specific to the set of Jordan rules.  
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 Rule 0264, Agriculture  
Establishes collective nitrogen and phosphorus reduction goals for agricultural operations in 
the watershed. The goals include numeric thresholds for livestock operations. The Rule allows 
trading of reductions that exceed collective compliance goals.  
Rule .0265, Stormwater Management for New Development  
Requires all local governments in the Jordan watershed – eight counties and 26 municipalities – 
to implement stormwater programs for new development activities. Those programs must be 
designed to meet nutrient loading rate targets. Developers will be required to control nutrient 
export to certain levels onsite, but can meet remaining reduction needs through offsite 
measures including payment of fees for nutrient offset projects or through purchase of 
reduction credits from private sellers pursuant to the Jordan trading rule .0273.  
Rule .0266, Stormwater Management for Existing Development  
Requires each local government to quantify nutrient loading from existing developed lands in 
its jurisdiction and identify the load reductions needed to achieve the nutrient reduction goals 
relative to these lands. Local governments must develop long-range plans to reduce nutrient 
loading to reach the reduction goals and propose implementation rate, nature and overall 
compliance timeframes.  
 
Rule .0267, .0268, & .0269, Protection of and Mitigation for Existing Riparian Buffers  
Requires local governments to implement programs to protect existing vegetated riparian areas 
within 50 feet of and adjacent to intermittent and perennial streams, lakes, and ponds in the 
Jordan watershed. The first 30 feet adjacent to waters is largely undisturbed forest, while the 
outer 20 feet may be managed vegetation. Existing, ongoing activities within buffers may 
continue as long as these activities or uses meet the requirements of the rule, while a change in 
land use invokes the protections. These buffer requirements replace those under the current 
Water Supply Watershed rules, and provide local governments the option to require more 
stringent measures. The rules provide mitigation options (buffer restoration, land conservation, 
or mitigation fee payment) where no practical alternatives exist, as well as variance provisions.  
Rule .0270, Wastewater Discharge Requirements  
Distributes the total point source annual N and P mass loading goals for each arm of the lake in 
the form of annual mass allocations to existing wastewater dischargers within each of the three 
subwatersheds. As in the Neuse River Basin nutrient strategy, there are provisions for new and 
expanding discharges; an option for group compliance; and potential for in-lieu fee payments to 
offset exceedence of the annual loading cap. There is also an option for transfer of allocation 
among individual dischargers.  
 Rule .0271, Stormwater Requirements for State and Federal Entities  
Establishes stormwater requirements for state and federal entities that parallel those imposed 
on local governments for both new and existing development under rules .0265 and .0266. The 
NC DOT is treated differently than other state/federal entities based on the unique character of 
its activities. Annual reports would be required. New DOT road projects would be deemed 
compliant if they meet buffer protection rule treatment criteria.  
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Rule .0272, Fertilizer Management  
Beginning three years after effective date, the application of fertilizer to lands in the watershed 
is to be done either by applicators who have completed nutrient management training offered 
by the Cooperative Extension Service, or pursuant to a certified nutrient management plan 
developed for the lands to which fertilizer is applied. Also requires property owners to ensure 
that applicators to their lands have met one of these requirements. The rule does not apply to 
fertilization of residential lands done by the homeowner. Wastewater residuals and septage 
application have earlier compliance timeframes. Animal waste application in compliance with a 
permitted waste utilization plan is deemed compliant.  
 Rule .0273, Options for Offsetting Nutrient Loads  
Provides parties subject to the various rules - new development, existing development, State 
and Federal stormwater entities, agriculture, and point sources – the option to obtain more 
cost-effective reductions by purchasing reduction credit from other, offsite reduction sources or 
private sellers. This open, market-based framework provides options in addition to the NC EEP 
option currently used in the Neuse and Tar-Pamlico strategies. It requires that minimum onsite 
standards be met before seeking credit elsewhere. It sets criteria for those seeking to sell excess 
reductions, and would require Division approval.  
 
Appendix I: Intra-governmental fragmentation/specialization  
 
Table X: Planning and Stormwater Departmental Responsibilities 
 Responsible Department 
Jurisdiction Development  Stormwater Joint 
Alamance Planning Public Works  
Apex Planning Public Works  
Burlington Planning Public Works  
Carrboro   Environmental Planning 
Cary  Planning Engineering  
Chapel Hill Planning Public Works  
Durham  City/County Planning Public Works  
Elon Planning and Zoning Public Works  
Graham Planning Public Works  
Greensboro Planning Water Resources  
Kernersville Community Development Public Works  
Mebane   Planning Department 
Morrisville  Planning Engineering  
Pittsboro  Planning Public Works  
Reidsville Community Development Public Works  
Orange    Planning &Inspections Department 
Chatham Planning Div. of Env. Resources  
Guilford Planning & Development Watershed Protection  
Wake Planning, Land Use, & Zoning Environmental Services  
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Appendix J: Jurisdictional Watershed and Compact Zoning 
 
Jurisdiction Watershed Protection Compact Development 
Alamance Watershed Protection Overlays N/A 
Apex Watershed Protection Overlay Districts Traditional Neighborhood Conditional Zoning District 
Carrboro 
Watershed Protection Zoning Overlay 
District 
Village Mixed Use 
Cary Watershed Protection Zoning Cluster Subdivision Ordinance 
Chatham Watershed Protection Ordinance Compact Communities Ordinance 
Chapel Hill Watershed Protection Districts Mixed Use District 
Durham 
 
Watershed Protection Districts Overslay 
Transit Oriented Development-Compact Neighborhood 
Overlay District 
Elon 
 
Stream Protection Overlay District Traditional Neighborhood Overlay District (2004) 
Graham 
 
N/A Planned Unit Development Overlay Distict (1999) 
Greensboro 
 
Critical and General Watershed Overlay 
Districts 
Traditional Neighborhood District 
Kernersville 
Randleman Lake Water Supply Watershed 
Overlay District 
Mixed Use –Special Use Zoning District 
Pittsboro 
 
Watershed Overlay Districts  Mixed  Use Planned Development 
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